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have distinctly different morphologies but all three execute the epiboly
movement. poky is a maternal effect mutant that displays delayed
epiboly and breakdown of the blastoderm associatedwith defective EVL
differentiation. The yolk cell cytoskeleton is disrupted with large voids
observable in the cortical cytoskeleton. In strongly affected embryos the
blastoderm becomes clear and disperses. In these strongly affected
embryos, the EVL cells do not slow down their cell division rate, they do
not adopt a normal flattened morphology and they fail to express the
intermediate filament genes krt4 and cyt1. However poky mutant EVL
cells do express the tight junction marker ZO1 but it does not display
robust localization to the cell junctions. pokymutant cells display some
aspects of EVL identity but fail to differentiate fully. We have identified
the gene encoding poky, the zebrafish homolog of Conserved Helixloo-
phelix Ubiquitous Kinase (CHUK/IKK1) a component of the NFkB
regulatory pathway. CHUK is a kinase with numerous identified targets
including the IkB proteins leading to NFkB activation. As in poky EVL
cells, the CHUK mutant mouse keratinocytes fail to express specific
intermediate filament genes and fail to exit the cell cycle. We
hypothesize that the differentiation of both the zebrafish EVL and
mouse skin is dependent on CHUK and that similar pathways regulate
differentiation and function of these essential organs.
doi:10.1016/j.ydbio.2009.05.244
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Transmembrane cadherins are calcium-dependent intercellular
adhesion molecules. Recent studies from our lab using the Xenopus
blastula identified that C-cadherin plays a central role in regulating the
actin cytoskeleton during early stages of development. We demon-
strated that membrane presentation of C-cadherin is the rate-limiting
step to organize actin and the cadherin juxtamembranedomainbinding
proteinp120catenin is alsonecessary for this activity (Nandadasa, Taoet
al., 2007). However, the roles of actin assembly on transmembrane
cadherins during development are not fully understood. Using the
developingectodermof theXenopus embryo asamodel,we show that F-
actin assembly is a primary function of both N-cadherin in the neural
ectoderm, and E-cadherin in the non-neural (epidermal) ectoderm, and
each cadherin is essential for the characteristic morphogenetic move-
ments of these two tissues. However, depletion of N-cadherin and E-
cadherin did not cause dissociation in these tissues at the neurula stage,
probably due to the expression of C-cadherin in each tissue. Depletion of
eachof these cadherins is not rescuedby theother, nor by the expression
of C-cadherin, which is expressed in both tissues (Nandadasa et al.,
2009).Onepossible reason for this is that each cadherin is expressed in a
different domain of the cell membrane. These data indicate the
combinatorial nature of cadherin function, the fact that N- and E-
cadherin play primary roles in F-actin assembly, in addition to roles in
cell adhesion, and that this function is specific to individual cadherins.
doi:10.1016/j.ydbio.2009.05.245
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Gastrulation is a central event inmetazoandevelopmentand the first
morphogenetic process in the embryo, resulting in the formation of a
multilayered embryo from a monolayered blastula. Adhesive mechan-
isms, both cellcell and cellextracellularmatrix, are intimately involved in
this process. Modulation of adhesive complexes could therefore be seen
as a central component in the molecular control of morphogenesis, the
translation of information encoded within the genome into organismal
form. Understanding how morphogenesis is controlled in early-
branching metazoans will help clarify the evolution of morphogenetic
mechanisms. To this end we have examined the cell biology underlying
gastrulation in the cnidarian, Nematostella vectensis, a valuable context
in which to study morphogenesis in an early-branching taxon.
Gastrulation in Nematostella occurs through invagination. The cells
adjacent to the blastopore adopt extreme bottle-like morphologies as
they constrict their apical surfaces, but retain projections that extend to
the archenteron as they zip up against the basal surface of the
ectodermal cells. In silico screening of the Nematostella genome has
revealed a number of cell junction components that may be involved in
this process, as well as other genes potentially involved in cellular
behaviors required for gastrulation.Discoveryof themolecular nature of
morphogenesis in early-branching groups such as cnidarians, coupled
with comparisons across the metazoa, promises to reveal the ways
evolution has generated the myriad forms seen in the animal kingdom.
doi:10.1016/j.ydbio.2009.05.246
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One of the most important processes in morphogenesis is
gastrulation, the process by which germ layers are positioned in an
embryo. C. elegans is unusual among model animal systems in that
gastrulation involves sequential internalizations of small numbers of
cells. The first cells to internalize are the endodermal (E) cells, which
must be specified properly in order to internalize at the right time. In
addition, these cells are polarized by the PAR proteins, required for
myosin to accumulate at the apical surface. E cells then undergo a
myosin-driven apical constriction, activated by myosin regulatory
light chain phosphorylation, which is dependent on Wnt signaling.
The mesodermal (MS) cells begin internalizing when there are 16 MS
cells, followed by the germline cells; the mechanisms behind these
internalizations are not well characterized. We show that active
myosin accumulates at the apical surface of MS cells during their
internalization and that myosin accumulates at the apical surface of
internalizing germline cells. While the basic mechanism behind the E
cells, MS cells, and germline internalizations may be similar, it
requires their distinct cell fate specifications. In addition, we found
that the polarity regulators that are required for E cells to internalize
do not appear to be required for MS cells to internalize. We are
currently exploring which cell fate transcription factors and polarity
regulators are acting upstream of gastrulation in these other lineages.
doi:10.1016/j.ydbio.2009.05.247
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Inmulticellularorganisms, cellcell junctions are involved in all aspects
of tissue morphogenesis, including regulation of cell shape and move-
ment. To establish junctions, cytoplasmic proteins that interact with the
actin cytoskeleton must stabilize adhesion molecules. For example,
catenins connect cadherins to the cytoskeleton andmutations in catenin
proteins significantly impact morphogenesis. A previously isolated
hypomorphic allele of the C. elegans α-catenin homolog, hmp-1(fe4),
exhibits 70 lethality and body shape defects (Pettitt et al., 2003, JCB 162,
1522). In continuing efforts to identify regulators of the cadherincatenin
complex, we conducted a genome-wide RNAi screen to identify genes
whose loss of function enhances the hmp-1(fe4) phenotype. We
uncovered MAGI-1, a vertebrate tight junction protein known to interact
with actin-binding proteins (Patrie et al., 2002, JBC 277, 3018390). We
have shown that C. elegansMAGI-1 genetically interacts with hmp-1/α-
catenin and hmp-2/β-catenin, suggesting that MAGI-1 may modulate
cadherincatenin function duringmorphogenesis. MAGI-1 localizes at the
C. elegans apical junction, but is surprisingly basal to the cadherincatenin
complex. In addition,MAGI-1 junction localization isnotdependentonβ-
catenin, in contrast to what has been shown in tissue culture
(Dobrosotskaya et al., 2000, BBRC 270, 90309). We are currently
examining whether MAGI-1 modulates actin dynamics at junctions and
we are trying to identify and characterize proteins that interact with
MAGI-1 to further assess how MAGI-1 functions in a living organism.
doi:10.1016/j.ydbio.2009.05.248
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Before theonsetof gastrulation in thechickblastoderm, lateral epiblast
cellsmove toposteriormid-lineof the epiblast coincidentwith ananterior
movement of the posterior epiblast. This cellularmovement that occurs in
the epithelial-epiblast was described as Polonaise movement (Graper,
1929), however cellular and molecular mechanisms regulating the
Polonaisemovement remainuncertain.Usingexplants andwhole embryo
culture models of chick blastoderm, we investigated the signaling
regulating the Polonaise movement before the formation of the primitive
streak. In situ hybridization showed that Nodal was expressed in the
posterior epiblast and FGF8 in the developing hypoblast at early blastula
stages. In cultured explants that were obtained from the posterior
blastoderm, either Lefty1, SB431542 (ALK4 antagonist) or siRNA to Nodal
inhibited the initial migration of explants at 10 and 20h in culture, during
which explants developed to late blastula and early gastrula, respectively.
Perturbation of Nodal signaling also affected a movement of DiI marked
epiblast cells in cultured blastoderm. Cultured blastoderm treated with
Nodal antagonist failed to form primitive streak as well as expression of
Brachyury. Inhibition of FGF signaling did not affect the initialmigration of
the cultured explants but affected after 30 to 40h in culture. Results
suggest that Nodal signaling may play an important role in cellular
movement (Polonaisemovement) that occurs in the epithelial-epiblast of
the pre-streak blastoderm.
doi:10.1016/j.ydbio.2009.05.249
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Embryonic cell movement is essential for morphogenesis and the
establishment of body shapes. Zebrafish embryos undergo a process
termed epiboly in which cells move from the animal pole to envelop the
yolk. We have cloned the cholesterol trafficking protein, npc1, from the
zebrafish embryo. At early cleavage stages, npc1 is found ubiquitously in
all blastomeres, before becoming restricted to the yolk syncytial layer
during epiboly. Later, npc1 is widely expressed in the developing brain, as
with mammalian Npc1. Mutations in NPC1 lead to the disease
NiemannPick type C in humans. In order to disrupt npc1 we developed
2 anti-sensemorpholinos (MOs) targeted to either the start site or a splice
site within npc1. Injection of MOs into the 12 cell zebrafish embryo
resulted in a dose-dependent delay in epiboly. This delay is accompanied
by the accumulation of cholesterol within cells, suggesting that inhibition
of zebrafish npc1 results in abnormal cholesterol trafficking. Zebrafish
injected with npc1 MO display a disorganized actin cytoskeleton and the
actin ring on the leading edge of epiboly is missing. There are additional
defects in convergence and extensionmovements, although anteriorpos-
terior patterning occurs normally. Cellswith accumulated cholesterol also
appear to be morphologically blebbing, suggesting that they are under-
going apoptosis. The data presented here extends our understanding
about the role of cholesterol during cellmovements in early development.
doi:10.1016/j.ydbio.2009.05.250
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The ascidian oral siphon is homologous by both molecular and
functional criteria to the vertebrate mouth. It develops from a larval oral
siphonprimordium(OSP) in the formof adorsal placode-like invagination
just anterior to the larval neural tube. A so-called neurohypophyseal duct
(ND) has been shown to connect the OSP with the lumen of the neural
tube at late larval stages, but the OSP was thought to form independently
of the neural tubewith theND forming later. Hereweuse a stable Etr1GFP
transgene and probes for nuclei and actin to image neural tube closure in
fixed and live Ciona savignyi. In contrast with the previousmodel, we find
that theOSPmaintains topological continuitywith theneural tube from its
beginning, with a connection to the gut endoderm forming considerably
later.We show that although a placode-like intermediate stage is present,
the OSP develops from the anterior neuropore. Despite this unexpected
role for the neuropore in Ciona, there are striking similarities between
mouth formation in ascidians and vertebrates, with the stomodeum
forming between an anterior, adhesive, columnar mucosecretory organ
(i.e., the adhesivepalps inCiona and the cement gland inXenopus) and the
hollow,dorsal neural tube. These results suggest anewmodel inwhich the
tubular topologyof the chordateCNS isderived from its coevolutionwitha
preexisting deuterostome mouth.
doi:10.1016/j.ydbio.2009.05.251
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